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Hypothalamic pro-opiomelanocortin (POMC) neurons are the major source of anorectic melanocortin
peptides in the brain. A recent study (Mineur et al., 2011) demonstrates that nicotine directly stimulates
arcuate POMC neurons through nicotinic acetylcholinergic a3b4 receptors, suggesting a new mechanism
to understand the inverse relationship between tobacco smoking and body weight.It has been widely noted that people
increase their food intake and gain weight
after quitting smoking (Williamson et al.,
1991). This change in feeding behavior
has been considered to be due to in-
creased anxiety resulting from self-
restraint against the desire of lighting
a cigarette. Both nicotine and food have
powerful reinforcing properties, which
make tobacco smoking and excessive
caloric intake among the major increasing
medical burdens in most modern socie-
ties. Although nicotine and the consump-
tion of palatable food independently in-
crease dopamine release in the nucleus
accumbens, nicotine decreases food in-
take, and cigarette smokers generally
weigh less and are leaner than nonsmok-
ers. A recent report published in Science
by Mineur and colleagues (Mineur et al.,
2011) elaborates on a new perspective
to explain the inverse relationship be-
tween smoking and eating. Through a
combination of molecular, pharmacolog-
ical, and behavioral approaches, the
authors provide evidence demonstrating
that nicotine diminishes food intake by
stimulating receptors that are located on
POMCneurons, which play a fundamental
role in modulating satiety.
A decade ago it was shown that the
adipostatic hormone leptin is able to
increase the activity of a group of neurons
present in the arcuate nucleus of the
hypothalamus that express the pro-opio-
melanocortin gene (Pomc) (Cowley et al.,
2001). POMC encodes a prohormone that
gives rise to a-, b-, and g-melanocortins
that act as potent satiety signals uponstimulation of melanocortin receptors lo-
cated in the paraventricular nucleus of
the hypothalamus (Cone, 2005). Thus,
leptin, mainly produced in adipose tissue,
acts as a peripheral hormone that enters
into the brain, carrying the ability to control
food intake, in part, by stimulating leptin
receptors expressed on hypothalamic
POMC neurons that promote anorexia.
The neurotransmitter serotonin (5-HT) is
also able to activate arcuate POMC
neurons via stimulation of 5-HT2C recep-
tors (Heisler et al., 2002), a discovery that
helped to explain the anorectic effects of
D-fenfluramine and other previously
prescribed amphetamine-like molecules.
POMC neurons also receive inhibitory
signals from nearby neurons expressing
neuropeptide Y (NPY) and GABA, which
in turn are stimulated or inhibited by the
gut peptides ghrelin and PYY3-36, respec-
tively (Batterham et al., 2002; Cowley
et al., 2001). Thus, nicotine can now be
added to a growing list of hormones,
peptides, and neurotransmitters that
regulate the activity of POMC neurons
and, ultimately, the release of anorectic
melanocortins (Figure 1).
Mineur and colleagues showed in their
study that prolonged treatment with
nicotine or the a3b4 agonist cytisine
decreased food intake in mice (Mineur
et al., 2011). Mecamylamine, a nicotinic
antagonist that crosses the blood-brain
barrier, blocked these effects, while hexa-
methonium, which is excluded from the
brain, was ineffective, indicating that
nicotine’s anorectic action occurs in the
central nervous system. ConfirmationCell Metabolism 1that the anorectic effects of nicotine
involved central cholinergic receptors
harboring b4 subunits was provided by
an elegant experiment performed with
an adeno-associated virus (AAV) express-
ing short hairpin inhibitory RNA targeted
specifically to b4 mRNA and stereotacti-
cally delivered to the ventral hypothal-
amus. The b4 knockdown mice were
insensitive to the anorectic effects of
cytisine; however, they did not show
hyperphagia per se, suggesting a low
basal cholinergic tone on POMC neurons.
The authors then showed that a3b4
acetylcholine (ACh) receptors are local-
ized within the somatodendritic portion
of POMC neurons. Although laser capture
microdissection of POMC-GFP neurons
followed by RT-PCR can sometimes
amplify false positive mRNAs from con-
taminating nearby cells, the electrophysi-
ological data provided definitive proof
that nicotine and cytisine are able
to depolarize membrane potential and
strongly increase action potential
frequency of POMC-GFP neurons. The
authors showed that the nicotinic receptor
antagonist mecamylamine had no effect
on the spontaneous activity of POMC
neurons, but surprisingly, they did not
use this drug to block the depolarizing
effects of nicotine or cytisine or report
the percentage of POMC neurons studied
that were excited by the agonists. In an
effort to demonstrate in vivo that nico-
tine-induced satiety involved activation
of POMC neurons and release of melano-
cortin peptides, the authors showed that
POMC knockout mice were insensitive to4, August 3, 2011 ª2011 Elsevier Inc. 145
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Figure 1. Arcuate POMC Neurons Integrate a Diverse Set of Excitatory and Inhibitory Signals Involved in the Central Regulation of Energy
Balance
Hormones, peptides, and neurotransmittersmodulate themembrane potential and action potential frequency of POMCneurons through their actions on excitatory
(green) and inhibitory (red) receptor-signal transduction mechanisms. These effects are both direct and indirect, as emphasized by the interaction of AGRP/NPY/
GABAneurons andPOMCneurons. The balance of excitatory and inhibitory inputs ultimately controls the release ofmelanocortin peptides, which act throughmel-
anocortin receptors (MCR) to inhibit food intake. New data demonstrate a direct excitatory action of nicotine and the a3b4 nicotinic acetylcholinergic receptor-
selective agonist cytisine on POMC neurons. However, the source and magnitude of endogenous ACh innervation of arcuate POMC neurons remain unknown.
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sine, as were mice with AAV-mediated
short hairpin inhibitory RNA knockdown
of melanocortin 4 receptors in the para-
ventricular nucleus of the hypothalamus.
Although the work by Mineur et al.
represents an interesting start, further
studies are still needed to determine if
ACh plays a physiological role in the
regulation of POMC neurons and the con-
trol of food intake. It will be of interest to
define the anatomical origin of cholinergic
fibers releasingACh in thearcuatenucleus146 Cell Metabolism 14, August 3, 2011 ª201and to determine the functional signifi-
cance of the endogenous stimulation of
the a3b4 receptors present on POMC
neurons.All the effects shown in thispaper
were found after the pharmacological
application of nicotine or the a3b4 agonist
cytisine. Since the prolonged administra-
tion of the central nicotinic antagonist
mecamylamine produced no effect on
food intake, it is unlikely that a central
cholinergic pathway plays a major tonic
effect in feeding behavior. Finally,
although the authors studied the effect of1 Elsevier Inc.nicotine and cytisine to elicit excitatory
postsynaptic potentials (EPSCs) on
POMCneurons, applying trains of depola-
rizing stimulations through a second elec-
trode in the vicinity of the recording elec-
trode will be important to detect
electrically evoked EPSCs that could be
prevented by nicotinic receptor blockers.
Whether or not endogenous ACh sig-
nificantly modulates the activity of
POMC neurons, the results of Mineur
and colleagues put forward the idea that
selective a3b4 drugs may act as novel
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excessive food intake in people quitting
cigarette smoking. This approach is anal-
ogous to the use of varenicline (Mihalak
et al., 2006), a nicotinic partial agonist
based on the structure of cytisine, which
has been approved by the U.S. Food and
Drug Administration for use as a smoking
cessation aid. Although varenicline is
morepotent ona4b2 andmore efficacious
on a7, respectively, than on a3b4 nicotinic
receptors, development of novel selective
compounds for this latter receptor
subtype could potentially act as a safe
stimulator of POMC neurons to aid re-
duced food intake without causing thenegative side effects observed with some
nicotinic drugs, such as cardiovascular
stimulation and psychomotor depression.
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Defining the molecular events that precipitate multisystem decline is an important component of aging
research. In this issue, Jin et al. (2011) show that increased expression of the histone demethylase, utx-1,
causes genome-wide decreases in histone H3K27 trimethylation, which includes the insulin/IGF-1 signaling
(IIS) pathway that promotes aging.Complex systems rely on solid infrastruc-
ture. Information has to be accessible,
communicable, and translated into effi-
cient operational output. Biological aging
of a complex system (a human being or
even a C. elegans worm) may be a
progressive failure at each of these levels,
from flawed cellular record keeping to
breakdown of information transmission
and an inability to mount a cellular
response to maintain function or adapt
to change (Figure 1). In this issue, Jin
et al. identify a mechanism by which infor-
mation, in the form of epigenetic marks, is
lost with age in C. elegans and propose
that this record-keeping failure drives
signal-transduction pathways in amanner
that promotes aging (Jin et al., 2011).
Eukaryotic genomes are repetitively
packaged into chromatin by nucleosomes
and nuclear architecture is regulated by
specific covalent posttranslational modifi-cations (PTMs) of histone proteins, the
basic nucleosomal components (Kouzar-
ides, 2007). Local histone PTMs direct
inheritance and propagation of the chro-
matin states, which control cell-type
specific transcriptional responses. The
mechanisms responsible for cell-type
specific chromatin establishment and
maintenance in dividing cells, hence
epigenetic inheritance of chromatin state,
still remains largely enigmatic and is
thought to rely upon a highly coordinated
interplay between enzymes that catalyze
(writers), and remove (erasers) histone
PTMs, as well as, the proteins that recog-
nize and bind to those modifications
(readers) (Yun et al., 2011). Tightly
controlled equilibria between these
molecular players may be especially rele-
vant during aging, where chromatin dete-
rioration is a prime suspect in impaired
cellular function.It is believed that chromatin structure
not only plays an important regulatory
role in aging, but also that multiple
aging-related signaling pathways in turn
have complex interplay with chromatin,
both influencing and being influenced by
PTMs. For instance, methylation of
histone lysine residues is dynamically
regulated by the opposing activities of
substrate-specific histone lysine methyl-
transferases (writers) and demethylases
(erasers) (Allis et al., 2007). These
enzymes have recently been shown to
modulate germ-line immortality (LSD1)
and longevity (ASH1) (Katz et al., 2009;
Jin et al., 2011 and references therein).
Jin et al. demonstrates an aging role
for another histone demethylase, UTX-1,
in C. elegans. UTX-1/KMT6A demethy-
lase activity along with JMJD3/KDM6B
is critical for removal of transcriptionally
repressive trimetylation on lysine 27 of4, August 3, 2011 ª2011 Elsevier Inc. 147
